preventive inspection of railway bridges is a key step for an effective maintenance program. The TOSCA-FI project has developed an integrated ICT platform for easy access to a wide set of data, obtained with several imaging techniques (high definition photography, photogrammetry, 3D scanning, fluorescence LIDAR and thermography) and integrated into a 3D model of the bridge. The aim is to provide a tool to support the inspection of railway bridges, often based exclusively on the visual inspection. In this paper, we present selected results obtained on masonry bridges by using thermography and their integration in the TOSCA-FI platform.
Introduction
The built structures of the railway infrastructure, such as bridges, tunnels, etc., are inevitably prone to a progressive degradation over time, which puts at risk the efficiency and safety of use.
The durability of these structures relies on an extensive preventive inspection plan, based on which it is possible to activate an effective maintenance program. The implementation of a correct and effective inspection plan makes it possible to plan maintenance and therefore maintain the assets in efficiency, guaranteeing the safe use of the work. However, an accurate inspection plan for a large infrastructure requires many resources, both in terms of time and personnel.
Recently, the Tuscany Region has funded a project-the TOSCA-FI project-whose objective is the development of an advanced, integrated ICT tool for the diagnostics on bridges of the railway infrastructure, with a focus on cement, masonry and steel bridges. Several imaging techniques, such as high definition photography, 3D scanning, fluorescence LIDAR and thermography, were first tested in the laboratory on models specifically arranged using materials employed for the construction of railway bridges. The techniques applied in the lab were subsequently experimented in the field, on selected areas of three bridges located in the regional territory. The results were finally integrated into an ICT platform-the TOSCA-FI platform-developed in the frame of the project. The TOSCA-FI platform can be used to store and visualize thematic maps obtained by processing the data and to compare them over time (historical archiving), with the aim to provide a tool to support the inspection and control of railway infrastructures, which presently is mainly based on mere visual inspection. Up to now, there were only few attempts to integrate thematic maps acquired with different techniques into a unique ICT platform [1] , and most of them are only limited to data integration between thermographic images and 3D models [2] [3] [4] [5] .
In this paper, we present selected results obtained on masonry bridges by using the thermographic technique [6] and their integration in the TOSCA-FI platform.
Materials and Methods
The railway bridge object of the experimental tests was a masonry-built bridge with a plaster coating. The bridge, whose reconstruction dates back to 1945-1946, is located in Debbia area, Massa, Italy. The techniques applied in the course of the measurement campaign carried out at this site were: 3D scanning, thermography, fluorescence LIDAR, high resolution photography, photogrammetry.
The bridge's 3D model was implemented by using photogrammetric images acquired with a drone. The thermographic images were acquired using a FLIR T1020 thermo-camera equipped with standard lens (36 mm-FOV 28° × 21°) and tele-objective (83.4 mm-FOV 12° × 9°). The fluorescence LIDAR images were obtained using an in-house developed fluorescence LIDAR [7] .
Thermographic Images on Masonry Bridges
Thermographic images were acquired in several selected areas of the bridge with direct sun heating and/or in shadow. Figure 1a shows the co-registered visible image of one of the investigated areas, while Figure 1b shows the relevant thermographic image. This area of the bridge was affected by plaster detaching: the areas affected by plaster detachment can be spotted in the false color-coded thermographic image as light yellow-color areas (Figure 1b ). The position of the areas featuring plaster detaching in Figure1b was consistent with the observation of the surface done with grazing light in early morning (red encircled areas in Figure 1c ). It is to be noted that the areas with plaster detaching could not be spotted by the naked eye unless when they were hit by grazing light. 
The TOSCA-FI Platform
The TOSCA-FI platform has been designed in order to make it possible easy access to a wide set of data and information. The database includes a map of the railway infrastructure on which it is possible to select the structure (bridge) of interest (Figure 2a) ; the selection of a specific bridge of the railway infrastructure makes it visible a 3D model of the bridge (Figure 2b ), on which it is possible to select the areas of interest (colored areas in Figure 2b ). Several thematic maps obtained by processing the data acquired with different imaging techniques can be accessed by clicking on the colored areas of interest. Figure 2c shows the false color-coded thermographic image superimposed to a selected area of the 3D model. On the upright of Figure 3c there is scroll bar that makes it possible to select other thematic maps, acquired on the same area yet using different techniques.
In order to integrate the thematic maps/images obtained with the different techniques on High Definition (HD) bidimensional metric digital photos (selectable from the 3D model displayed in the ICT integrated platform), we needed to develop a perspective rectification system. The latter was required to compensate the difference in perspective due to the different observation geometry of the various instruments. The image registration was obtained by applying a transformation based on at least 4 pairs of affine points. During laboratory tests, we used specific markers placed on the surface of the laboratory models in order to identify such points. In the real case studies (bridges), we used specific, well-identified features on the surface as affine points. It is also to be noted that, in the case of the thermographic camera, there were also available the corresponding native co-registered photos acquired with the camera to make it easier this process. In the case of the fluorescence LIDAR, the instrument was instead equipped with a laser-based reference system in the visible so that each fluorescence LIDAR dataset was completed by a set of photos with visible reference laser spots on the surface that made it possible to define with a good precision the area that was acquired.
Discussion and Conclusions
The 3D laser scanner surveys, integrated with photos, was the best starting point as a basis for the integration of thermographic images and thematic maps acquired with other techniques such fluorescence LIDAR imaging. The 3D technique provided an overall representation of the structure, both in terms of geometry and defects. The use of the drone for aerial photogrammetry has made it possible to obtain geo-localized surveys combined with high-definition images, although the precision of the point cloud is worse (some centimeters) with respect to that of the ground-based 3D scanner (some millimeters). However, the reconstruction based on drone acquisition is easier to be handled in the ICT platform, yet maintaining a very high quality image. Thus, the TOSCA-FI platform relies on the drone-based 3D reconstruction of the bridge for an overall overview of the structure, while specific areas of the bridge can be analyzed using ground-based 3D scans for an indepth analysis for example, of cracks or roto-translation of the superstructures. Thermal imaging was demonstrated to be very useful to detect some types of defects, mainly surface defects like detachments and weathered pathways on the surfaces. Thermographic images, however, are better exploited if they are complemented with photographic images. False-color coded thematic maps based on fluorescence LIDAR data were instead found useful for the detection of biofilms and patinas on the surface and the characterization of materials, providing in general information complementary to those given by the thermographic images.
In conclusion, the thermographic data and the TOSCA-FI platform can be considered as a step forward for the monitoring activity of the railway infrastructure as a support for routine inspection, although it cannot completely replace the standard procedures applied according to the ongoing regulations in the railways sector. 
